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GEAR CUTTING SIMULATION METHOD, 
GEAR CUTTING SIMULATION PROGRAM, 
AND GEAR CUTTING SMULATION DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is based upon Japanese Patent Application 
No. 2002-249678, which was filed on Aug. 28, 2002 and laid 
open as Japanese Laid-Open Patent Application No. 2004 
086773 on Mar. 18, 2004, the entire contents of which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention generally relates to computer-based 

simulation method and device, and more particularly to com 
puter-based gear cutting simulation method and device. 

2. Description of the Related Art 
Conventionally, there have been many approaches for ana 

lyzing the gear cutting state and engagement condition, in 
order to reduce the load of the actual gear cutting work or the 
design operation. 

For example, Japanese Laid-Open Patent Application No. 
9-212222 discloses the method of checking the interference 
of the tool and the gear and the interference of the gears in the 
engagement relation by carrying out the simulation of the 
gear cutting State based on the basic gear specifications in the 
design. Japanese Laid-Open Patent Application No. 
6-109593 discloses the method of determining the gear 
engagement condition by carrying out the simulation based 
on the condition values of the gears in the design. 

According to the above-mentioned methods, the gear cut 
ting state and engagement condition can be analyzed on the 
3-dimensional (3D) virtual space using the computer. 

Moreover, it is known that it is difficult to carry out the 
simulation in the case of hypoid gears because of the particu 
lars of the tooth form. The system of Gleason Co. has been 
widely used as a means for determining the gear engagement 
condition by carrying out the simulation based on the gear 
design value similar to the above-mentioned methods. 

However, when the satisfactory analysis result is not 
obtained by using the above-mentioned methods, there is the 
problem in that it is uncertain how the gear cutting conditions, 
the gear geometry value, etc. should be changed in order to 
create the gear that can withstand the actual use. 

Although the system of Gleason Co. provides the guideline 
for changing Such parameters, it is difficult to obtain the 
proper tooth-contact state by actually changing the param 
eters according to the guideline. As a result, how the param 
eters should be changed significantly depends on the experi 
ence or workmanship of the operator in the field. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
improved gear cutting simulation method and device in which 
the above-mentioned problems are eliminated. 

Another object of the present invention is to provide a gear 
cutting simulation method, a computer program product and 
agear cutting simulation device which are capable of carrying 
out the gear cutting simulation using the 3D gear model 
having the configuration equivalent to that of the actually 
produced gear. 

In order to achieve the above-mentioned objects, the 
present invention provides a gear cutting simulation method 
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2 
having the steps of creating a gear-cutting-machine model 
which specifies relative positions between a blank model and 
a cutter model; and creating a gear model as a result of 
simulation of gear cutting performed with the blank model 
and the cutter model arranged in the gear-cutting-machine 
model. 

In order to achieve the above-mentioned objects, the 
present invention provides a computer program product 
embodied therein for causing a computer to execute a gear 
cutting simulation method, the method having the steps of 
creating a gear-cutting-machine model which specifies rela 
tive positions between a blank model and a cutter model; and 
creating a gear model as a result of simulation of gear cutting 
performed with the blank model and the cutter model 
arranged in the gear-cutting-machine model. 

In order to achieve the above-mentioned objects, the 
present invention provides a gear cutting simulation device 
which causes a computer to execute a gear cutting simulation 
method, the gear cutting simulation device having: a machine 
setting calculation unit creating a gear-cutting-machine 
model which specifies relative positions between a blank 
model and a cutter model; and a gear cutting simulation unit 
creating a gear model as a result of simulation of gear cutting 
performed with the blank model and the cutter model 
arranged in the gear-cutting-machine model. 

According to the gear cutting simulation method of the 
present invention, the simulation of gear cutting which is the 
procedure equivalent to the machining of the actual gear 
making is carried out with the blank model and the cutter 
model arranged in the gear-cutting-machine model, and the 
3D gear model having the configuration equivalent to that of 
the actual gear can be obtained. 

Moreover, the gear cutting simulation method of the 
present invention may be configured so that the step of cre 
ating the gear model comprises performing a Boolean logic 
operation of the blank model and the cutter model. 

According to such gear cutting simulation method, the gear 
model is created by performing the Boolean logic operation 
of the blank model and the cutter model, and the 3D gear 
model having the configuration equivalent to that of the actual 
gear can be created by removing the portion of the blank 
model overlapping the cutter model by the cutter. 

Moreover, the gear cutting simulation method of the 
present invention may be configured so that the method fur 
ther comprises the step of outputting data indicating a tooth 
contact state as a result of tooth-contact simulation performed 
by changing the relative positions between the blank model 
and the cutter model which are arranged in an assembled 
State. 

According to such gear cutting simulation method, the 
tooth-contact state for the pinion and the gear of the gear 
model which is created through the simulation which is the 
procedure equivalent to that of the actual gear cutting method 
is analyzed, and the tooth-contact state which is equivalent to 
the actual tooth-contact state can be acquired. 

Moreover, the gear cutting simulation method of the 
present invention may be configured so that the method fur 
ther comprises the step of comparing the outputted data indi 
cating the tooth-contact state with a predetermined reference 
value, so that validity of the gear model is determined by a 
comparison result. 

According to such gear cutting simulation method, the 
validity of the tooth-contact state acquired through the simu 
lation can be determined, and it can be easily determined 
whether the proper tooth-contact state is acquired. 

Moreover, the gear cutting simulation method of the 
present invention may be configured so that the method fur 
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ther comprises the step of adjusting, when a result of the 
determination negates the validity of the gear model, at least 
one of the cutter model and machine setting of the gear 
cutting-machine model specifying the relative positions 
between the blank model and the cutter model, so that the gear 
model creating step is performed again based on the adjusted 
cutter model or the adjusted machine setting. 

According to Such gear cutting simulation method, the 
processing after the simulation of gear cutting is performed 
again by changing the gear cutting conditions automatically 
when the proper tooth-contact state is not acquired, and the 
gear cutting conditions from which the satisfactory tooth 
contact state is finally acquired can be acquired easily. 

Moreover, the gear cutting simulation method of the 
present invention may be configured so that the method fur 
ther comprises the step of creating a gear heat-treatment 
model as a result of simulation of heat treatment of the gear 
model which is performed when a result of the determination 
affirms the validity of the gear model, so that the step of 
outputting the data indicating the tooth-contact state is per 
formed by using the created gearheat-treatment model as the 
gear model. 

According to Such gear cutting simulation method, the 
analysis of the tooth-contact state is performed with the gear 
model after the simulation of heat treatment of the gear model 
is performed, and the tooth-contact state in which the influ 
ence on the gear geometry by the heat treatment is considered 
can be acquired. 

Moreover, the gear cutting simulation method of the 
present invention may be configured so that the method fur 
ther comprises the step of creating a gear Surface-treatment 
model as a result of simulation of surfacetreatment of the gear 
model which is performed when a result of the determination 
affirms the validity of the gear model, so that the step of 
outputting the data indicating the tooth-contact state is per 
formed by using the created gear Surface-treatment model as 
the gear model. 

According to Such gear cutting simulation method, the 
analysis of the tooth-contact state is performed with the gear 
model after the simulation of surface treatment of the gear 
model is performed, and the tooth-contact state in which the 
influence on the gear geometry by the Surface treatment is 
considered can be acquired. 

Moreover, the present invention can also be embodied into 
a gear cutting simulation program for causing the computer to 
execute the gear cutting simulation method, a gear cutting 
simulation device for causing the computer to execute the 
gear cutting simulation method, or a computer-readable Stor 
age medium in which the gear cutting simulation program is 
recorded, for the purpose of Solving the above-mentioned 
objects. 

According to the present invention, the simulation of gear 
cutting which is the procedure equivalent to the machining of 
the actual gear making is carried out with the blank model and 
the cutter model arranged in the gear-cutting-machine model, 
and the 3D gear model having the configuration equivalent to 
that of the actual gear can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and advantages of the present 
invention will be apparent from the following detailed 
description when read in conjunction with the accompanying 
drawings. 

FIG. 1 is a block diagram showing the hardware composi 
tion of the gear cutting simulation device in the preferred 
embodiment of the invention. 
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4 
FIG. 2 is a block diagram showing the functional compo 

sition of the gear cutting simulation device in the present 
embodiment. 

FIG.3 is a flowchart for explaining the outline gear cutting 
simulation processing performed by the gear cutting simula 
tion device in the present embodiment. 

FIG. 4 is a flowchart for explaining the tooth cutting simu 
lation processing in the outline gear cutting simulation pro 
cessing of FIG. 3. 

FIG. 5A and FIG. 5B are diagrams for explaining the 
parameters which are used to determine the tooth-contact 
State. 

FIG. 6 is a diagram for explaining examples of the param 
eters which are used to determine the tooth-contact state. 

FIG. 7 is a diagram showing the condition in which adja 
cent transmission curves intersect at one point only. 

FIG. 8 is a diagram showing the parameters which form the 
design value. 

FIG. 9 is a diagram showing the outline geometry value of 
the blank configuration outputted by the outline geometry 
calculation. 

FIG.10 is a diagram showing the outline geometry value of 
the gear tooth configuration outputted by the outline geom 
etry calculation. 

FIG. 11 is a diagram for explaining the cutter specification. 
FIG. 12 is a diagram for explaining the machine setting of 

the gear cutting machine. 
FIG. 13 is a diagram showing the input parameters of the 

configuration-related calculation in preparation of the perfor 
mance/strength calculation. 

FIG. 14 is a diagram showing the output results of the 
configuration-related calculation in preparation of the perfor 
mance/strength calculation. 

FIG. 15 is a diagram showing the input parameters of the 
performance/strength calculation. 

FIG. 16 is a diagram showing the output results of the 
performance/strength calculation. 

FIG. 17 is a diagram showing an example of the screen 
indicating the arrangement of the pinion blank model to the 
gear cutting machine model. 

FIG. 18 is a diagram showing an example of the screen 
indicating the arrangement of the pinion blank model to the 
gear cutting machine model. 

FIG. 19 is a diagram showing an example of the screen 
indicating the arrangement of the gear blank model to the gear 
cutting machine model. 

FIG. 20 is a diagram showing an example of the screen 
indicating the arrangement of the pinion blank model to the 
gear cutting machine model with a different machine setting. 

FIG. 21 is a flowchart for explaining the processing of the 
gear cutting simulation. 

FIG. 22 is a diagram showing an example of the screen 
indicating the simulation of tooth cutting of the pinion blank 
model. 

FIG. 23 is a diagram showing an example of the screen 
indicating the simulation of tooth cutting of the gear blank 
model. 

FIG. 24 is a flowchart for explaining the processing of 
tooth-contact state analysis and determination in the outline 
gear cutting simulation processing of FIG. 3. 

FIG. 25 is a diagram showing an example of the screen 
indicating the arrangement of the pinion model and the gear 
model which are set up in the assembled condition. 

FIG. 26 is a diagram showing an example of the screen 
indicating the tooth-contact state of the gear model. 

FIG. 27 is a diagram for explaining the threshold for deter 
mining the not-good tooth contact. 
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FIG. 28 is a diagram showing an example of the screen 
indicating the situation of the simulation of lapping. 

FIG. 29 is a flowchart for explaining the processing of 
parameter adjustment in the outline gear cutting simulation 
processing of FIG. 3. 

FIG.30 is a diagram showing the table for determination of 
the adjustment parameter. 

FIG.31 is a flowchart for explaining the method of check 
ing the validity of the simulation result. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

A description will now be provided of the preferred 
embodiments of the present invention with reference to the 
accompanying drawings. 

In the following embodiments, the gear cutting simulation 
of hypoid gear set will be explained as an example. 

FIG. 1 shows the hardware composition of the gear cutting 
simulation device 10 in the preferred embodiment of the 
invention. 
The gear cutting simulation device 10 of FIG. 1 comprises 

the drive device 100, the storage medium 101, the auxiliary 
storage 102, the memory device 103, the computation device 
104, the display device 105, and the input device 106, which 
are interconnected by the bus B. 
The gear cutting simulation program which is used by the 

gear cutting simulation device 10 is Supplied by the storage 
medium 101, such as CD-ROM. The storage medium 101 in 
which the gear cutting simulation program is recorded is set in 
the drive device 100, and the gear cutting simulation program 
is installed in the auxiliary storage 102 through the drive 
device 100 from the storage medium 101. 
The auxiliary storage 102 stores the necessary files and 

data, etc. while storing the installed gear cutting simulation 
program. For example, the auxiliary storage 102 stores Vari 
ous tables required for the processing of the gear cutting 
simulation program which will be described later. 
When a command to start the gear cutting simulation pro 

gram is received or at the time of starting of the gear cutting 
simulation device 10, the gear cutting simulation program is 
read from the auxiliary storage 102 and stored into the 
memory device 103. 
The computation device 104 performs the arithmetic func 

tions related to the gear cutting simulation device 10 in accor 
dance with the gear cutting simulation program stored in the 
memory device 103. 
The display device 105 displays the situation of the simu 

lation according to the gear cutting simulation program. The 
input device 106 may include the keyboard, the mouse, etc., 
and it is used to input various operational commands. 

Next, the functional composition of the gear cutting simu 
lation device 10 will be explained. FIG. 2 shows the func 
tional composition of the gear cutting simulation device 10. 
As shown in FIG. 2, the gear cutting simulation device 10 

comprises the following elements: the outline geometry cal 
culation unit 12, the blank model creation unit 13, the cutter 
specification calculation unit 14, the machine setting calcu 
lation unit 15, the performance/strength calculation unit 16, 
the performance/strength determination unit 17, the cutter 
model creation unit 18, the gear cutting simulation unit 19, the 
tooth-contact simulation unit 20, the determination unit 21, 
the heat-treatment simulation unit 22, the lapping simulation 
unit 23, the correction tooth-contact state calculation unit 24, 
the parameter adjustment unit 25, and the adjustment param 
eter judgment table 30. 
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6 
Based on the design value 50 of the gear inputted by the 

user, the outline geometry calculation unit 12 calculates the 
outline gear geometry value (theoretical value), and outputs 
the same as an outline geometry value 51. 

Based on the design value 50 and the outline geometry 
value 51, the blank model creation unit 13 creates the pinion 
blank model 54a and the gear blank model 54b (which are not 
illustrated in FIG. 2) as 3-dimensional configuration data of 
the blank material of a pinion and a gear before the gear 
cutting. In addition, the blank model 54 in FIG. 2 indicates 
these models 54a and 54b collectively. 

Based on the design value 50, the outline geometry value 
51, and the target value 53 which is a target value of tooth 
contact state predetermined by the user, the cutter specifica 
tion calculation unit 14 calculates the cutter specification 55 
as a geometric value of the configuration of the gear-cutting 
Cutter. 

Based on the outline geometry value 51, the cutter speci 
fication 55, and the target value 53, the machine setting cal 
culation unit 15 calculates the machine setting of the gear 
cutting machine, and outputs the result as the machine setting 
57. 

Furthermore, the machine setting calculation unit 15 sets 
the machine setting 57 to the gear-cutting-machine model 58 
which is 3-dimensional configuration data of the gear cutting 
machine which is created in advance. 

Based on the design value 50, the outline geometry value 
51, the cutter specification 55, and the machine setting 57, the 
performance/strength calculation unit 16 calculates the per 
formance and strength of the gear that is set as the object of 
simulation, and outputs the performance/strength informa 
tion 52. 

Based on the performance/strength information 52, the 
performance/strength determination unit 17 determines 
whether the performance and strength of the gear that is set as 
the object of simulation are proper or not. 

Based on the cutter specification 55, the cutter model cre 
ation unit 18 creates the cutter model 56 which is 3-dimen 
sional configuration data of the gear-cutting cutter. 
The gear-cutting simulation unit 19 arranges the blank 

model 54 to the gear-cutting-machine model 58 in which the 
cutter model 56 is installed, and performs the simulation of 
gear cutting. As a result of the simulation of gear cutting, the 
gear-cutting simulation unit 19 creates the pinion model 59a 
and the gear model 59b (which are not illustrated) which are 
3-dimensional configuration data of the pinion and the gear 
after the gear-cutting simulation is carried out. In addition, the 
gear model 59 in FIG. 2 indicates these models 59a and 59b 
collectively. 
The tooth-contact simulation unit 20 performs the tooth 

contact simulation which changes the relative positions by 
rotating the pinion model 59a and the gear model 59b 
arranged in the assembled State, and analyzes the tooth-con 
tact state. The tooth-contact simulation unit 20 outputs the 
tooth-contact state 60 as a result of the tooth-contact state 
simulation. 
The determination unit 21 determines whether the tooth 

contact state 60 satisfies the target value 53. 
The heat-treatment simulation unit 22 performs the simu 

lation of heat treatment of the gear model 59, and creates the 
pinion heat-treatment model 61a and the gearheat-treatment 
model 61b (which are not illustrated) as 3-dimensional con 
figuration data of the pinion and the gear which are deformed 
with the heat treatment. In addition, the heat-treatment model 
61 in FIG. 2 indicates these models 61a and 61b collectively. 
As for the heat-treatment model 61, the surface treatment 

processing simulation unit 23 performs the simulation of 
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Surface treatment (lapping), and creates the pinion lapping 
model 62a and the gear lapping model 62b (which are not 
illustrated) as 3-dimensional configuration data of the pinion 
and the gear which are deformed with the surface treatment 
(lapping). The lapping model 62 in FIG. 2 indicates these 
models 62a and 62b collectively. In addition, as for the lap 
ping model 62 which is created, the tooth-contact simulation 
unit 20 performs the tooth-contact simulation to analyze the 
tooth-contact state. 

The correction tooth-contact state calculation unit 24 cal 
culates how the tooth-contact state before performing the 
lapping and the heat treatment should be, in order to make the 
tooth-contact state 60 after the lapping satisfy the target value 
53, when the tooth-contact state 60 analyzed by the tooth 
contact simulation unit 19 with respect to the lapping model 
62 does not satisfy the target value 53. Furthermore, the 
machine setting 57 for acquiring the tooth-contact state is 
calculated, and it is set to the gear-cutting-machine model 58 
by the correction tooth-contact state calculation unit 24. 

In addition, based on the machine setting 57 adjusted by the 
correction tooth-contact state calculation unit 24, the simula 
tion of gear cutting is performed again and the analysis of the 
tooth-contact state is performed further. 

The parameter adjustment unit 25 determines which of the 
cutter specification 55 and the machine setting 57 should be 
adjusted in order to create the gear model 59 from which the 
tooth-contact state 60 where the target value 53 may be sat 
isfied is acquired, by referring to the adjustment parameter 
judgment table 30 when the tooth-contact state 60, analyzed 
by the tooth-contact simulation unit 19 with respect to the 
gear model 59, does not satisfy the target value 53. 

Furthermore, the parameter adjustment unit 25 searches 
for and reads the adjustment value of the cutter specification 
55 or the machine setting 57 from the adjustment parameter 
judgment table 30, and adjusts the cutter model 56 or the 
gear-cutting-machine model 58 based on the adjustment 
value read. 

In addition, based on the cutter model 56 or the gear 
cutting-machine model 58 adjusted by the parameter adjust 
ment unit 25, the simulation of gear cutting is performed 
again and the analysis of the tooth-contact state is performed 
further. 

Next, the processing of the gear cutting simulation device 
10 of FIG. 2 will be explained. In this embodiment, the 
simulation of gear cutting of the pinion and gear pair will be 
explained. 

FIG.3 is a flowchart for explaining the outline gear cutting 
simulation processing of the gear cutting simulation device 
10. 

In step S10, based on input values mentioned later, such as 
the gear design value, the gear cutting simulation device 10 
creates the blank model 54 and the cutter model 56, and 
calculates the machine setting of the gear-cutting-machine 
model 58. 

Furthermore, the gear cutting simulation device 10 
arranges the blank model 54 while installing the cutter model 
56 in the gear-cutting-machine model 58, and it performs the 
simulation of gear cutting. The gear cutting simulation device 
10 creates the gear model 59 (or the pair of the gear model 59b 
and the pinion model 59a) as a result of the simulation of gear 
cutting. 

Progressing to step S20 following step S10, the gear cut 
ting simulation device 10 arranges the pinion model 59a and 
the gear model 59b, which are created at step S10, in the 
assembled State, and analyzes the tooth-contact state etc. 

Progressing to step S30 following step S20, the gear cut 
ting simulation device 10 determines the analysis result of the 
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8 
tooth-contact state. When the proper tooth-contact state is 
acquired as a result of the determination (which will be called 
the adoption), the gear cutting simulation device 10 outputs 
the gear geometry value and the gear cutting conditions, so 
that the processing is finished. In this case, the user is allowed 
to create the gear based on the outline geometry values and 
gear cutting conditions which are outputted by the gear cut 
ting simulation device 10. 
As a result of the determination, when the proper tooth 

contact state is not acquired, it progresses to step S40, and the 
gear cutting simulation device 10 adjusts the cutting condi 
tions of the cutter specification 55 and the machine setting 57. 
and performs the processing of the gear-cutting simulation 
from the step S10 again. Therefore, the gear cutting simula 
tion device 10 repeats the processing of the steps S10 to S40 
of FIG. 3 until it finds out the gear geometry value and the 
machining conditions that the proper tooth-contact state is 
acquired within the condition given with the design value 50. 

Next, the details of each step of the outline processing of 
the gear cutting simulation device 10 will be explained. 
A description will be given of the gear-cutting simulation 

processing in step S10 of FIG. 3. FIG. 4 is a flowchart for 
explaining the gear-cutting simulation processing. 

In step S100, the gear cutting simulation device 10 receives 
the target value 53 of the tooth-contact state set up by the user. 
The target value 53 received here is used as a reference value 
of determination of the adoption of the gear in the determi 
nation processing of the analysis result of the tooth-contact 
state described above in the step S30 of FIG.3. 
The parameters which are needed to understand the param 

eters of the target value 53 will be explained. FIG. 5A and 
FIG.SB are diagrams for explaining the parameters for judg 
ing the tooth-contact state. 
The rectangle 150 in FIG. 5A indicates the tooth flank of 

one tooth of the gear. Moreover, the remarks of the portions 
indicated by the alphabetical letters in FIG. 5A are given in 
FIG.SB. 
As shown in FIG. 5B, the parameter A is the length of 

effective tooth trace, the parameter B is the length of tooth 
contact in the direction of the tooth trace, the parameter C is 
the length from the center of the effective tooth flank in the 
direction of the tooth trace to the tooth-contact center, the 
parameter D is the working depth, the parameter E is the 
length of the tooth contact in the direction of the tooth depth, 
the parameter F is the length from the center of the effective 
tooth flank in the direction of the tooth depth to the tooth 
contact center, the parameter G is the position of the center of 
the instantaneous tooth contact (the instantaneous point of 
contact), the parameter H is the area of the instantaneous 
tooth-contact, the parameter I is the total area of the tooth 
contact, the parameter J is the bias angle, and the parameter K 
is the center of the effective tooth flank. 

In consideration of the above-mentioned parameters, the 
parameters which constitute the target value 53 will be 
explained. FIG. 6 shows an example of the judgment value of 
the tooth-contact state. 
As shown in FIG. 6, the target value 53 is comprised of the 

seven parameters, and the judgment criteria and the judgment 
tolerance are set up for each parameter. The judgment criteria 
is the most desirable value, and it is used in order to calculate 
the deviation with the tooth-contact state 60 which it is as a 
result of analysis. Moreover, the judgment tolerance is used in 
order to determine whether the adoption of the tooth-contact 
state 60 is possible or impossible. That is, if the tooth-contact 
state 60 is within the tolerance, it is determined that the 
adoption is possible. If it is outside the tolerance range, it is 
determined that the adoption is impossible. 
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With reference to FIG.5A, the seven parameters in FIG. 6 
will be explained. The ratio of the tooth-contact area to the 
tooth-flank area, which is the first parameter in FIG. 6, is 
represented by the formula: (I/(AxD))x100 where the param 
eters of FIG. 5A are used. As shown in FIG. 6, the judgment 
criteria is set up to 25%, and the judgment tolerance is set up 
to 20-30%. 
The ratio of the tooth-contact length in the tooth-trace 

direction to the effective-tooth-trace length, which is the sec 
ond parameter in FIG. 6, is represented by the formula: 
(B/A)x100. As shown in FIG. 6, the judgment criteria is setup 
to 50%, and the judgment tolerance is set up to 40-60%. 

The ratio of the tooth-contact length in the tooth depth 
direction to the working depth, which is the third parameter in 
FIG. 6, is represented by the formula: (E/D)x100. As shown 
in FIG. 6, the judgment criteria is set up to 60%, and the 
judgment tolerance is set up to 50-70%. 

The deviation of the center of the tooth contact in the tooth 
trace direction, which is the fourth parameter in FIG. 6, is 
represented by the formula: (C/A)x100. As shown in FIG. 6, 
the judgment criteria is set up to 20%, and the judgment 
tolerance is set up to 15-25%. 

The deviation of the center of the tooth contact in the tooth 
depth direction, which the fifth parameter in FIG. 6, is repre 
sented by the formula: (F/D)x100. As shown in FIG. 6, the 
criterion is set up to 10%, and the tolerance is set to 5-15%. 
The angle indicated by the letter J in FIG. 5A is the bias 

angle, which is the seventh parameter in FIG. 6. As shown in 
FIG. 6, the criteria of the bias angle is set up to 30 degrees, and 
the tolerance is set up to -10% to +10%. 

The position of the tooth contact can be determined using 
the six parameters mentioned above. 

Furthermore, the sixth parameter in FIG. 6, or “the adjacent 
transmission curves intersect only at one point’ means that 
the engagement of the pinion and the gear is Smooth. FIG. 7 
shows the condition where the adjacent transmission curves 
intersect at one point only. 

In FIG. 7, the axis of ordinate indicates the transmission 
error, the axis of abscissa indicates the gear rotation angle, 
and the three curves are the transmission curves with respect 
to one of the teeth of the gear, respectively. 
As shown in FIG. 7, the transmission curve 301 and the 

transmission curve 302 which are adjacent to each other 
intersect at the point 304 only, and the transmission curve 302 
and the transmission curve 303 which are adjacent to each 
other intersect at the point 305 only, and the judgment crite 
rion that the adjacent transmission curves intersect at one 
point only is met. 

For example, the condition where the adjacent transmis 
sion curves do not intersectatall indicates that engagement of 
the back tooth pair does not start even after engagement of the 
front tooth pair ends, and the transmission impact arises. The 
condition where the adjacent transmission curves intersect at 
two or more points indicates that the front tooth pair and the 
back tooth pair are alternately engaged repeatedly, the tooth 
contact is interrupted, which will produce the transmission 
noise. 

Progressing to step S110 following step S100 of FIG.4, the 
gear cutting simulation device 10 receives the design value 50 
as a minimum condition value of the specifications of the gear 
and the cutter. 

FIG. 8 shows the parameters which form the design value 
50. The design value 50 is stored in the file in the table format 
including the number of teeth of the pinion, the number of 
teeth of the gear, the face width of the gear, the pinion offset, 
the pitch diameter of the gear, the diameter of the cutter, the 
average pressure angle, the tooth depth factor, the gear adden 
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10 
dum factor, the backlash (Bmin), the backlash (Bmax), and 
the summary number, as shown in FIG. 8. 
The user designs each parameter of the design value 50 in 

advance as the minimum conditions. In addition, the Sum 
mary number is used for identifying the design value 50. 

Progressing to step S120 following step S110, the outline 
geometry calculation unit 12 of the gear cutting simulation 
device 10 calculates the item as a theoretical value of the gear 
and the cutter, and outputs the outline geometry value 51. 
The outline geometry value 51 is outputted about the infor 

mation about the whole blank configuration, and the infor 
mation about the one gear tooth. 

FIG. 9 shows the outline geometry values of the blank 
configuration outputted by the outline geometry calculation. 
The parameters shown in FIG. 9 are related to the whole 

blank configuration among the outline geometry values 51. 
The parameters include, as the parameters whose values are 
different for the pinion and the gear, the number of teeth, the 
pitch diameter, the addendum, the dedendum, the outside 
diameter, the pitch apex beyond the contact point, the face 
apex beyond the contact point, the root apex beyond the 
contact point, the distance from the crown to the contact 
point, the distance from the front crown to the contact point, 
the pitch angle, the face angle, the root angle, and the spiral 
angle. The parameters include, as the parameter for the pinion 
only, the pinion offset, include, as the parameters for the gear 
only, the outer module and the face width, and includes, as the 
parameters whose values are the same for the pinion and the 
gear, the average pressure angle, the cutter diameter, and the 
whole depth. These parameters are outputted to the file in the 
table format shown in FIG. 9, for example. 

Moreover, FIG.10 shows the outline geometry value of one 
gear tooth outputted by the outline geometry calculation. The 
parameters shown in FIG. 10 are related to one gear tooth 
among the outline geometry values 51. 
As a parameter with which the values differ about the 

pinion and the gear, average pitch radii, the average cone 
distance, the average addendum, the average cutter deden 
dum, average tooth thickness, average tip width of face, and 
the dedendum angle. It is outputted to the file in the table 
format including the average normal module, the clearance, 
the average tooth depth, and the marginal angle of obliquity of 
action as a parameter used as the pinion and the value same 
about the gear, for example, shown in FIG. 10. 

Progressing to step S130 following step S120, the cutter 
specification calculation unit 14 of the gear cutting simulation 
device 10 calculates the specification of the cutter based on 
the design value 50 and the outline geometry value 51. 

Furthermore, the machine setting calculation unit 15 of the 
gear cutting simulation device 10 sets machine setting 57 as 
the gear-cutting-machine model 58 while it calculates the 
machine setting of the gear-cutting-machine model 58 and 
outputs it as machine setting 57 based on the outline geometry 
value 51, the target value 53, and the cutter specification 55. 

FIG. 11 is a diagram for explaining the cutter specification. 
The cutter specification 55 is outputted to the file in the table 
format including the diameter of the cutter, the outside blade 
angle, the inside blade angle, and the face width, as shown in 
FIG. 11. In addition, the output values of the diameters of the 
cutter and the gear are the same, and the output values of other 
parameters are different and they are outputted for the pinion 
and the gear respectively. 

Moreover, FIG. 12 is a diagram for explaining the machine 
setting of the gear cutting machine. The machine setting 57 
includes, as the parameters having different values for the 
pinion and the gear, the machine root angle, the machine 
center to back, the eccentric angle, and the cradle angle. The 
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machine setting 57 includes, as the parameters for the pinion 
only, the sliding base, the blank offset, the swivel angle, the 
spindle rotation angle, the start roll angle (which determines 
the start position of the cradle angle), the end roll angle type 
(which determines the end position of the cradle angle), and 
the decimal ratio. And it is outputted to the file in the table 
format shown in FIG. 12. 

Progressing to step S140 following step S130 of FIG.4, the 
performance/strength calculation unit 16 of the gear cutting 
simulation device 10 performs the gear performance and 
strength calculation which it creates based on the designvalue 
50, the outline geometry value 51, the cutter specification 55, 
and machine setting 57. 
The performance and strength calculation include the two 

phases, the calculation concerning the configuration, and the 
calculation concerning load conditions. 
The calculation concerning the configuration calculates the 

factor which is created only from the configuration informa 
tion such as the outline geometry value 51. 

The calculation concerning load conditions calculates the 
strength at the time of giving arbitrary input capacity and 
input rotation speed using the above factor. 
The performance/strength calculation unit 16 extracts or 

calculates the necessary parameters from among the outline 
geometry value 51, the cutter specification 55 and the 
machine setting 57 as the input parameters of the preparative 
calculation phase, and outputs the parameters as shown in 
FIG. 13. 

FIG. 13 shows the input parameters of the configuration 
related calculation in preparation of the performance/strength 
calculation. 
The input parameters of the calculation concerning the 

configuration are based on the design value 50, the outline 
geometry value 51, the cutter specification 55, and the 
machine setting 57. 
As the input parameters whose values are different for the 

pinion and the gear, the number of teeth, the pitch diameter, 
the spiral angle, the pitch angle, and the mean pitch radius are 
provided. As the input parameters for the pinion only, the 
pinion offset, the pinion average cone distance, the distance 
from the intersection of the pinion to the end surface of the 
bevel gear, the distance from the intersection of the pinion to 
the tip of the bevel gear, and the cutter tip face width are 
provided. As the input parameter for the gear only, the face 
width is provided, and as the input parameters whose values 
are the same for the pinion and the gear, the mean pressure 
angle, the tooth depth factor, the gear addendum factor, and 
the Summary number are provided. The input parameters are 
outputted to the file in the table format shown in FIG. 13, for 
example. 
The performance/strength calculation unit 16 performs the 

configuration-related calculation in preparation of the perfor 
mance and strength calculation based on the input parameters 
of FIG. 13, and outputs the parameters of FIG. 14 as the 
calculation result. 

FIG. 14 shows the output result of the configuration-rela 
tion calculation in preparation of the performance and 
strength calculation. The output result of the configuration 
related calculation includes, as the parameters whose values 
are different for the pinion and the gear, the number of teeth, 
the means pitch radius, the means cone distance, the means 
whole depth, the means tooth thickness, the means tooth top 
land, the pitch diameter, the cutter edge radius, and the geo 
metric factor-J (which is the factor for determining the bend 
ing stress). The output result of the configuration-related cal 
culation includes, as the parameter for the gear only, the mean 
normal module, and includes, as the parameters whose values 
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are the same for the pinion and the gear, the outer module, the 
relative curvature, the load sharing ratio, the length of contact, 
the geometric factor-I (which is the factor for determining the 
planar pressure), and the contact ratios (the transverse plane, 
the overlap, the composition). These parameters are outputted 
to the file in the table format shown in FIG. 14, for example. 

Furthermore, the performance/strength calculation unit 16 
performs the performance and strength calculation for the 
input parameters of FIG. 15 based on the output result of the 
configuration-related calculation of FIG. 14. 

FIG. 15 shows the input parameters for the performance 
and strength calculation. There are the input power and the 
input rotation speed as the input parameters of the analysis 
phase. The values of the input power and the input rotation 
speed being analyzed are inputted to the file in the table 
format shown in FIG. 15, and then the performance/strength 
calculation unit 16 calculates the performance and strength of 
the pinion and the gear in response to the input power and the 
input rotation speed which are inputted. And the perfor 
mance/strength calculation unit 16 outputs the calculation 
result to the file in the table format shown in FIG. 16. 

FIG. 16 shows the output result of the performance and 
strength calculation. The output result of the performance and 
strength calculation includes, as the parameter whose value is 
different for the pinion and the gear, the bending stress, and 
includes, as the parameters whose values are the same for the 
pinion and the gear, the contact stress, the sliding Velocity, the 
allowable transmitted power, and the efficiency. 

Progressing to step S150 following step S140 of FIG.4, the 
performance/strength determination unit 17 of the gear cut 
ting simulation device 10 determines whether the perfor 
mance/strength information 52 including the parameters 
shown in FIG. 14 and FIG. 16 meets the predetermined cri 
teria (the threshold). 
When the strength does not meet the criteria, it progresses 

to step S110 of FIG. 4, and the gear cutting simulation device 
10 performs again the simulation with a different designvalue 
50. When the strength meets the criteria, it progresses to step 
S160. 

In step S160, the gear cutting simulation device 10 creates 
the blank model 54 (pinion blank model 54a, gear blank 
model 54b) based on the design value 50 and the outline 
geometry value 51, as a 3-dimensional geometric blank 
model of the gear (the pinion, the gear). Further, as a 3-di 
mensional geometric cutter model, the gear cutting simula 
tion device 10 creates the cutter model 56 (cutter model 56a 
for the pinion, cutter model 56b for the gear) based on the 
cutter specification 55. 

Progressing to step S170 following step S160, the gear 
cutting simulation unit 19 of the gear cutting simulation 
device 10 arranges the blank model 54 and installs the cutter 
model 56 in the gear-cutting-machine model 58. 

FIG.17 shows an example of the screen which indicates the 
arrangement of the pinion blank model to the gear-cutting 
machine model. 
The CAD screen 200 of FIG. 17 is the Screen which the 

gear cutting simulation device 10 displays on the display 
device 105. The CAD screen 200 has the four windows 201, 
202, 203, and 204, menus 205, and message regions 206 and 
207. 
The windows 201, 202, 203, and 204 show signs that cutter 

model 56a for the pinions and pinion blank model 54a are 
arranged, from the direction different, respectively on the 
gear-cutting-machine model 58. 
The menu 205 is for the user of the gear cutting simulation 

device 10 inputting. The user can let the menu 205 pass and 
can operate the gear cutting simulation device 10. 
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The message regions 206 and 207 are the regions where the 
input promotion message to which the input is urged, the 
processing result, etc. are displayed on the notice when the 
abnormalities occur for simulation, and the user. In addition, 
the screen 200 changes about the example of the screen in 
Subsequent explanation. 

In the example of FIG. 17, neither the arbor of the gear 
cutting-machine model 58 nor the work head is displayed on 
the CAD screen 200, for the sake of convenience. However, as 
shown in FIG. 18, displaying the arbor and the work head is 
possible. 

FIG. 18 shows an example of the screen which indicating 
the arrangement of the pinion blank model to the gear-cut 
ting-machine model. 
As shown in the CAD screen 250, the interference between 

the arbor 581 and the cutter spindle 582 can be checked by 
displaying the arbor 581 on the screen. 

In addition, the menu 205 and the message regions 206 and 
207 which are displayed in the CAD screen 200 of FIG.17 are 
not illustrated in the CAD screen 250 of FIG. 18, for the sake 
of convenience. However, they can be similarly displayed in 
the CAD screen 250. 

In the following description, the illustration of the menu 
205 and the message regions 206 and 207 will be omitted for 
the sake of convenience. 

FIG. 19 shows an example of the screen which indicates the 
arrangement of the gear blank model to the gear-cutting 
machine model. The windows 301,302,303, and 304 of the 
screen 300 of FIG. 19 respectively indicate the situations in 
different directions that the cutter model 56b for the gear and 
the gear blank model 54b are arranged on the gear-cutting 
machine model 58. 

FIG. 20 shows an example of the screen which indicates the 
arrangement of the pinion blank model to the gear-cutting 
machine model with different machine setting. It is shown 
that the gear-cutting-machine model 58 of FIG. 20 is slanted 
when compared with the gear-cutting-machine model 58 of 
FIG. 17. Thus, it is possible to change the relative position of 
the blank model 54 and the cutter model 56 by changing the 
machine setting 57 of the gear-cutting-machine model 58, 
and thereby the configuration of the resulting gear model 59 
can be changed. 

Progressing to step S180 following step S170 of FIG.4, the 
gear-cutting simulation unit 19 of the gear cutting simulation 
device 10 performs the simulation which carries out the gear 
cutting of the blank model 54 arranged on the gear-cutting 
machine model 58 by the cutter model 56, and creates the gear 
model 59. 
A description will be given of the simulation processing of 

the gear cutting in the step S180. FIG. 21 is a flowchart for 
explaining the simulation processing of the gear cutting. 

In step S181, the gear-cutting simulation unit 19 of the gear 
cutting simulation device 10 performs processing of the Bool 
ean logic operation of the blank model 54 and the cutter 
model 56, i.e., removing of the part which overlapping with 
the cutter model 56 from the blank model 54. 

Progressing to step S182 following step S181, the gear 
cutting simulation unit 19 determines whether the gear cut 
ting is performed with a sufficient number of teeth needed to 
perform the tooth-contact state analysis processing which 
will be mentioned later. 
When the gear cutting is already performed with the suffi 

cient number of teeth, the gear-cutting simulation unit 19 
finishes the processing. Otherwise the control is transferred to 
step S183. 

In step S183, since the gear-cutting simulation unit 19 is 
based on the generate-gear-cutting method when the blank 
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model 54 is pinion blank model 54a, it rotates the blank 
model 54 and the cutter model 56 by each revolving shaft. 

In addition, the more the rotation include angle is fine, the 
more the near tooth form can be obtained according to the 
reality. Since it is based on the forming gear-cutting method 
when the blank model 54 is gear blank model 54b, only the 
blank model 54 is rotated by the revolving shaft. 

Progressing to step S181 following step S183, the gear 
cutting simulation unit 19 repeats the processing after step 
S181 by the new relative position of the blank model 54 by 
rotation of blank model 54, and the cutter model 56. 
FIG.22 shows an example of the screen which carries out 

the simulation of the gear cutting of the pinion blank model. 
In FIG. 22, the gear cutting of the pinion blank model 54a 

is carried out by the cutter model 56a for the pinion, so that the 
pinion model 59a is created. 

FIG. 23 shows an example of the screen which carries out 
the simulation of the gear cutting of the gear blank model. 

In FIG. 23, the gear cutting of the gear blank model 54b is 
carried out by the cutter model 56b for the gear, so that the 
gear model 59b is created. 

Next, a description will be given of the processing of the 
tooth-contact state analysis and determination using the cre 
ated pinion model 59a and gear model 59b in the steps S20 
and S30 of FIG. 3. FIG. 24 is a flowchart for explaining the 
tooth-contact state analysis and determination processing. 

In step S190, the tooth-contact simulation unit 20 of the 
gear cutting simulation device 10 determines whether it is 
what is determined as the gear model 59 in the state, i.e., the 
state created by the gear-cutting simulation unit 19, before 
simulation of heat treating mentioned later or Surface treat 
ment processing is performed already satisfying the target 
value 53 of the tooth-contact state by the processing men 
tioned later. 

Since the analysis of the tooth-contact state is not per 
formed initially, the target value 53 of the tooth-contact state 
is not satisfied. The control is transferred to step S200. 

In step S200, the tooth-contact simulation unit 20 arranges 
the pinion model 59a and the gear model 59b, which are 
created by the gear-cutting simulation unit 19, in the 
assembled State which is the actual use state. 

FIG.25 shows an example of the screen which indicates the 
arrangement of the pinion model and the gear model in the 
assembled state. As shown in FIG. 25, the pinion model 59a 
and the gear model 59b are arranged at the assembled state. 

Progressing to step S210 following step S200, the tooth 
contact simulation unit 20 calculates the tooth-contact state 
60 by performing the simulation which rotates the pinion 
model 59a and gear model 59b in the assembled state of FIG. 
25, and outputs the tooth-contact state 60 with the same 
parameters as the parameters of the target value 53 in FIG. 6. 

In addition, the tooth-contact state 60 can be checked also 
on the screen. FIG. 26 shows an example of the screen which 
indicates the display of the tooth-contact state. 
The portion, indicated by reference numeral 591 in FIG. 

26, shows one gear tooth of the gear model 59b, and the 
ellipse part, indicated by reference numeral 592 in FIG. 26, 
shows the instantaneous tooth-contact area. 

Progressing to step S220 following step S210, the deter 
mination unit 21 of the gear cutting simulation device 10 
determines whether the tooth-contact state 60 acquired at step 
S210 is in the judgment tolerance of the target value 53 of 
FIG. 6. Moreover, it determines whether the tooth-contact 
state 60 is the not-good tooth-contact state. The not-good 
tooth-contact state means the state where the tooth-contact 
state 60 is greatly different from the target value 53, and there 
is a possibility of the input mistake of the design value 50. 
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FIG. 27 shows the threshold for judging the not-good tooth 
contact. In FIG. 27, the threshold of the not-good tooth con 
tact is shown for each of the same parameters as the param 
eters for the determination in FIG. 6. When it is determined 
that one of the parameters is not good, it is determined as 
being the not-good tooth-contact state. For example, if the 
ratio of the tooth-contact area to the area of the tooth flank is 
Smaller than 2.5%, it is determined as being the not-good 
tooth contact. 

In step S220 of FIG. 24, if the determination unit 21 deter 
mines the not-good tooth contact, it will progress to step 
S23O. 

In step S230, the user checks again whether there are any 
abnormalities in the machine setting 57, the assembly posi 
tion of the pinion model 59a and the gear model 59b in the 
step S200, or the outline geometry value 51. Moreover, the 
user checks also whether the deformation of the gear model 
59 by the simulation of the heat treatment or lapping which 
will be mentioned later is excessive or not. If there is any 
abnormality, the new design value 50 is inputted through the 
recalculation, and the processing from the step S10 of FIG. 4 
is performed again. 
When it is determined in the step S220 that the tooth 

contact state 60 is not the propertooth-contact state although 
it is not the not-good tooth contact (or when it is outside the 
judgment tolerance of the target value 53), the determination 
unit 21 determines that the created gear model 59 is not 
adopted. In this case, the gear cutting simulation device 10 
performs the parameter adjustment processing which will be 
mentioned later, and performs again the simulation process 
ing of the gear cutting according to new machining conditions 
in the step S170 and subsequent steps. 
When it is determined in the step S220 that the tooth 

contact state 60 is the propertooth-contact state (or when it is 
within the judgment tolerance of the target value 53, the 
determination unit 21 determines that the adoption of the 
created gear model 59 is possible, and it progresses to step 
S240 following step S220. 

In step S240, the gear cutting simulation device 10 deter 
mines whether the simulation of heat treatment and lapping is 
carried out for the gear model 59. When the simulation of heat 
treatment and lapping is not carried out, it progresses to step 
S270. 

In step S270, the heat-treatment simulation unit 22 of the 
gear cutting simulation device 10 performs the simulation of 
heat treatment of the gear model 59, which creates the heat 
treatment model 61 (pinion heat-treatment model 61a, gear 
heat-treatment model 61b) which is the gear model 59 being 
deformed with the heat treatment, as a result of the simulation 
of the heat treatment. In addition, the simulation of heat 
treatment is well known in the art, and a description thereof 
will be omitted. 

Progressing to step S280 following step S270, the lapping 
simulation unit 23 of the gear cutting simulation device 10 
performs the simulation of lapping of the heat-treatment 
model 61, which creates the lapping model 62 (pinion lapping 
model 62a, gear lapping model 62b) which is the heat-treat 
ment model 61 being deformed with the lapping, as a result of 
the simulation of the lapping. 

The simulation of the lapping to be performed in the step 
S280 is the same processing as the steps S170 and S180 of 
FIG. 4. Namely, the heat-treatment model 61 is arranged on 
the 3 dimensional model of the lapping machine shown in 
FIG. 28, and the Boolean logic operation of the pinion heat 
treatment model 61a and the gearheat-treatment model 61b is 
performed. 
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FIG. 28 shows the situation of the simulation of lapping. In 

FIG. 28, the pinion heat-treatment model 61a and the gear 
heat-treatment model 61b are installed in the lapping machine 
400 in the engaged State. The lapping simulation unit 23 
performs the Boolean logic operation of the pinion heat 
treatment model 61a and the gear heat-treatment model 61b 
while the pinion heat-treatment model 61a and the gear heat 
treatment model 61b are rotated from the assembled state and 
further moved in any of the three directions including the 
axial direction of the pinion, the axial direction and the offset 
direction of the gear. 

Progressing to step S200 following step S280, the gear 
cutting simulation device 10 performs again the analysis pro 
cessing of the tooth-contact state in the step S200 and subse 
quent steps with the lapping model 62. However, since the 
analysis of the tooth-contact state needs the consideration of 
the deformation through the heat treatment and lapping, there 
is a case in which the determination result in step S220 differs 
from the determination result before the simulation of heat 
treatment and lapping is performed. 
When the determination unit 21 determines in the step 

S220 that the tooth-contact state with the lapping model 62 is 
good and the adoption of the lapping model 62 is possible, it 
will progress to step S250 through step S240. 

In step S250, the gear model machining simulation device 
10 outputs the machine setting of the gear cutting machine, 
the cutter specification, and the gear specification value. The 
output result includes the same parameters as the outline 
geometry value 51 of FIG.9 and FIG. 10, the cutter specifi 
cation 55 of FIG. 11, and the machine setting 57 of FIG. 12. 
Therefore, the person in charge of the gear manufacture can 
produce the pinion and the gear from which the propertooth 
contact state is acquired, if the gear is created according to the 
above-mentioned output result. 

Progressing to step S260 following step S250, in order to 
check the validity of the simulation result which will be 
mentioned later, the gear model machining simulation device 
10 outputs the 3-dimensional coordinates data of the tooth 
flank of the lap model 62, so that the processing is finished. 

Next, a description will be given of the parameter adjust 
ment processing in the step S40 of FIG. 3. FIG. 29 is a 
flowchart for explaining the parameter adjustment process 
1ng. 
When it is determined in the step S220 of FIG. 24 that the 

adoption of the gear model 59 or the lap model 62 is impos 
sible, it progresses to step S300. 

In step S300, the gear cutting simulation device 10 deter 
mines whether the simulation of heat treatment and lapping of 
the gear model 59 is already performed (or whether it is the 
lapping model 62). When it is determined that the simulation 
of heat treatment and lapping is not performed, it progresses 
to step S310. 

In step S310, the correction tooth-contact state calculation 
unit 24 of the gear cutting simulation device 10 calculates 
how there should be any tooth-contact state (called the cor 
rection tooth-contact state) in the gear model 59 before the 
simulation of heat treatment and lapping by comparing the 
tooth-contact state 60 with the target value 53, in order for the 
tooth-contact state by the lapping model 62 to become proper. 

In addition, the correction tooth-contact state is outputted 
with the parameters which are the same as the parameters for 
the determination of FIG. 6. 

Progressing to step S360 following step S310, the correc 
tion tooth-contact state calculation unit 24 calculates the 
machine setting 57 of the gear cutting machine from which 
the correction tooth-contact state is acquired, and sets the 
calculation result to the gear-cutting-machine model 58. 
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When it is determined in the step S300 that the simulation 
of heat treatment and lapping is already performed, it 
progresses to step S320 and the gear cutting simulation device 
10 determines whether the number of times of change of the 
machine setting 57 of the gear-cutting-machine model 58 is 
larger than the predetermined threshold. 

This step is performed to avoid the infinite loop formation 
when the processing in which the machine setting 57 is 
adjusted and the simulation of the gear cutting and the simu 
lation of the tooth-contact state are performed again is 
repeated by the flowchart of FIG. 24, and the machine setting 
57 is again adjusted if the adoption is determined as being 
impossible. Therefore, when the number of times of change 
of the machine setting 57 exceeds the predetermined thresh 
old, it progresses to step S10 of FIG. 4, so that the input 
processing of the new design value 50 is performed again. 

Progressing to step S330 following step S320, the param 
eter adjustment unit 25 of the gear cutting simulation device 
10 determines which of the cutter specification 55 or the 
machine setting 57 should be adjusted by referring to the 
adjustment parameter judgment table 30, in order to obtain 
the propertooth contact. 

FIG. 30 shows the adjustment parameter judgment table. 
The adjustment parameter judgment table 30 of FIG. 30 is 
provided to manage the tooth-contact evaluation value for 
every state of the tooth-contact state 60, and the adjustment 
value (difference with the present value) of the gear cutting 
conditions for obtaining the propertooth contact. Namely, as 
a kind of tooth-contact state 60, the adjustment parameter 
judgment table 30 contains various kinds of items in the 
direction of the column (width), and has in it the item with 
“the adjustment value of machining conditions” as the “tooth 
contact” which illustrated the state of the tooth contact with 
the ellipse form, and “the evaluation value of the tooth-con 
tact state' and the adjustment value of the machining condi 
tions for obtaining the propertooth contact in the direction of 
the line (length), the evaluation value of the tooth-contact 
state' includes the same parameters as the target value 53, and 
the tooth-contact state 60 which it is as a result of over the 
target value 53 analysis and it is shown more. 

The evaluation value of the tooth-contact state is calculated 
as the result of division of the tooth-contact state 60 by the 
target value 53. Therefore, when the “bias angle' which is one 
of the parameters of “evaluation value of the tooth-contact 
state' is set to 1, it means that the bias angle of the tooth 
contact state 60 is equal to the bias angle of the target value 53. 
The adjustment value of machining conditions is constituted 
by the diameter adjustment value of the cutter as the adjust 
ment value of the diameter of the cutter which is the one 
parameter of the cutter specification 55, and the machine 
setting adjustment value as the adjustment value of machine 
setting 57. 
The state 1 expresses the case where all the parameters are 

1, i.e., the tooth-contact state 60 accords with the target value 
53. It means that the proper tooth-contact state is acquired, 
and this case does not need to adjust the diameter of the cutter 
and the machine setting 57. 
The state 2 expresses the case where the evaluation value of 

the ratio of the tooth-contact area to the area of the tooth flank 
is larger than 1.5, i.e., the value in the tooth-contact state 60 is 
larger than 1.5 times of the value in the target value 53. In this 
case, the adjustment parameter judgment table 30 shows that 
there is the need for the adjustment of the machine setting 57. 
although there is no need for the adjustment of the diameter of 
the cutter. In FIG. 30, “*** indicates the adjustment value. 
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Similar to the state 2, the state 3 expresses the case where 

there is the need for the adjustment of the machine setting 57. 
although there is no need for the adjustment of the diameter of 
the cutter. 

The state 4 expresses the case where the evaluation value of 
the ratio of the tooth-contact length in the tooth trace direction 
to effective tooth trace length is 1.5. In this case, although 
there is no need for the adjustment of the machine setting 57 
as in the adjustment parameter judgment table 30, it is nec 
essary to change the diameter of the cutter. 

In addition, what is necessary is just to create the adjust 
ment value of the machining conditions for every state by 
accumulating the past data. Therefore, although only the four 
kinds are illustrated for convenience about the kind of state, if 
it has dozens of kinds of data in fact and data increase in 
number, the kind of state will also increase, and the accuracy 
of the adjustment of the diameter of the cutter and machine 
setting 57 can be raised, so that there are many kinds of state. 

In step S330 of FIG. 29, when the parameter adjustment 
unit 25 determines that the adjustment parameter is the diam 
eter of the cutter contained in the design value 50, the pro 
cessing progresses as follows. 
When only the ratio of the tooth-contact length in the tooth 

trace direction to effective tooth trace length, among the 
tooth-contact state evaluation values of the adjustment 
parameter judgment table 30 is not equal to 1, it progresses to 
step S350. In step S350, the parameter adjustment unit 25 
adjusts the diameter of the cutter, and creates the new cutter 
model 56. 

When the ratio of the tooth-contact length in the tooth trace 
direction to effective tooth trace length among the tooth 
contact state evaluation value is equal to 1, or when any of the 
parameters other than the ratio of the tooth-contact length in 
the tooth trace direction to effective tooth trace length is not 
equal to 1, it progresses to step S110 of FIG. 4. And the 
processing after the step S110 is performed based on the 
adjustment value of the diameter of the cutter acquired from 
the table 30. 

Moreover, when the parameter adjustment unit 25 deter 
mines in the step S330 that the adjustment parameter is the 
machine setting 57, it progresses to step S340. In step S340, 
the parameter adjustment unit 25 sets the adjustment value of 
the machine setting 57 acquired from the adjustment param 
eter judgment table 30 to the gear-cutting-machine model 58. 
When the gear cutting simulation device 10 adjusts in step 

S340, step S350 or step S360 the cutter model 56 or the 
gear-cutting-machine model 58, it will progress to step S170 
of FIG. 4. And the processing after the step S170, i.e., the 
analysis of the tooth-contact state, the simulation of the gear 
cutting, etc. will be performed again. 
As mentioned above, the simulation of the gear cutting 

which is the procedure equivalent to the machining of the 
actual gear is performed in the present embodiment, and the 
gear model 59 which has the same configuration as that of the 
actual gear can be obtained. Moreover, the tooth-contact state 
is analyzed using the gear model 59 which has the same 
configuration as that the actual gear, and the tooth-contact 
state equivalent to the actual tooth-contact state can be 
acquired. Furthermore, the simulation of the correction of 
machining conditions and gear cutting is repeated until the 
proper tooth contact is obtained if the tooth-contact state is 
not good, and the gear geometry value, the machining condi 
tions, etc. for obtaining the proper tooth contact, can be 
acquired easily. 
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Next, a description will be given of the method of checking 
the validity of the gear geometry value and the machining 
conditions acquired from the gear cutting simulation device 
10. 

FIG.31 is a flowchart for explaining the method of check 
ing the validity of the simulation result. 

In step S400, the actual gear is produced based on the 
gear-geometry value, the machining conditions, etc. which 
are acquired from the gear cutting simulation device 10. 

Progressing to step S410 following step S400, the geomet 
ric configuration of the produced gear is measured with the 
three dimensional measuring instrument or the configuration 
measurement machine. 

Progressing to step S420 following step S410, the coordi 
nate data of the gear configuration measured by the three 
dimensional measuring instrument etc. are outputted. 

Progressing to step S430 following step S420, the gear 3 
dimensional model (called the gear real model) is created 
based on the coordinates data of the gear configuration. What 
is necessary is just to create the gear real model according to 
the same data format as the gear model 59. 

Progressing to step S440 following step S430, the configu 
ration of the gear model 59 and the gear real model is com 
pared. The validity of the simulation result is affirmed when 
the comparison result is the same configuration or the differ 
ence is within the tolerance. When the difference of the con 
figuration is significantly large, it progresses to step S450. 

In step S450, the machine setting 57 and the cutter speci 
fication 55 for adjusting the tooth configuration are calcu 
lated, and the gear-cutting-machine model 58 and the cutter 
model 56 are adjusted accordingly. Furthermore, what is nec 
essary is just to perform the processing after step S170 of FIG. 
4 based on the adjusted gear-cutting-machine model 58 and 
the adjusted cutter model 56. 

The present invention is not limited to the above-described 
embodiments, and variations and modifications may be made 
without departing from the scope of the present invention. 
What is claimed is: 
1. A gear cutting simulation method comprising the steps 

of: 
creating, in a gear cutting simulation device, a gear-cut 

ting-machine model which specifies relative positions 
between a blank model and a cutter model; 

creating a gear model as a result of simulation of gear 
cutting performed with the blank model and the cutter 
model arranged in the gear-cutting-machine model; 

outputting data indicating a tooth-contact state as a result 
of tooth-contact simulation performed by changing the 
relative positions between portions of the gear model 
which are arranged in an assembled State with one 
another, 

and comparing the outputted data indicating the tooth 
contact state with a predetermined reference value, so 
that validity of the gear model is determined by the 
comparison result. 

2. The gear cutting simulation method according to claim 1 
wherein the step of creating the gear model comprises per 
forming a Boolean logic operation of the blank model and the 
cutter model. 

3. The gear cutting simulation method according to claim 1 
further comprising the step of adjusting, when a result of the 
determination negates the validity of the gear model, at least 
one of the cutter model and a machine setting of the gear 
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cutting-machine model specifying the relative positions 
between the blank model and the cutter model, so that the gear 
model creating step is performed again based on the adjusted 
cutter model or the adjusted machine setting. 

4. The gear cutting simulation method according to claim 1 
further comprising the step of creating a gear heat-treatment 
model as a result of simulation of heat treatment of the gear 
model which is performed when a result of the determination 
affirms the validity of the gear model. 

5. The gear cutting simulation method according to claim 1 
further comprising the step of creating a gear Surface-treat 
ment model as a result of simulation of Surface treatment of 
the gear model which is performed when a result of the 
determination affirms the validity of the gear model. 

6. A computer program product, embodied on a computer 
readable medium, for causing a computer to execute a gear 
cutting simulation method, the method comprising the steps 
of: 

creating a gear-cutting-machine model which specifies 
relative positions between a blank model and a cutter 
model; 

creating a gear model as a result of simulation of gear 
cutting performed with the blank model and the cutter 
model arranged in the gear-cutting-machine model; 

outputting data indicating a tooth-contact state as a result 
of tooth-contact simulation performed by changing the 
relative positions between portions of the gear model 
which are arranged in an assembled State with one 
another, and 

comparing the outputted data indicating the tooth-contact 
state with a predetermined reference value, so that valid 
ity of the gear model is determined by the comparison 
result. 

7. The computer program product according to claim 6 
wherein the method further comprises the step of adjusting, 
when a result of the determination negates the validity of the 
gear model, at least one of the cutter model and a machine 
setting of the gear-cutting-machine model specifying the 
relative positions between the blank model and the cutter 
model. So that the gear model creating step is performed again 
based on the adjusted cutter model or the adjusted machine 
Setting. 

8. A gear cutting simulation device which causes a com 
puter to execute a gear cutting simulation method, compris 
ing: 

a machine setting calculation unit configured to create a 
gear-cutting-machine model which specifies relative 
positions between a blank model and a cutter model; 

a gear cutting simulation unit configured to create a gear 
model as a result of simulation of gear cutting performed 
with the blank model and the cutter model arranged in 
the gear-cutting-machine model; 

a tooth-contact simulation unit configured to output data 
indicating a tooth-contact state as a result of tooth-con 
tact simulation performed by changing the relative posi 
tions between portions of the gear model which are 
arranged in an assembled State with one another; and 

a determination unit configured to compare the outputted 
data indicating the tooth-contact state with a predeter 
mined reference value, so that validity of the gear model 
is determined by the comparison result. 
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